In order to solve the problem of leakage point positioning in the underground water pipeline network, a generalized cross-correlation algorithm GCC based on fast Fourier transform is proposed in this paper. By suppressing the disturbance of the noise signal to time delay estimation, our algorithm can effectively reduce the error rate, improve the operation speed and make a signal source processing based on dynamic signal capturing to find the time delay points more precisely. Besides, the error can be reduced to a minimum range by our generalized crosscorrelation algorithm so that the precise positioning on the underground water pipeline network can be realized. The simulation experimental results show that our generalized cross-correlation algorithm GCC is effective, feasible and applicable to detect and localize the leakage point in the undergound water pipeline.
Introduction
The time delay estimation is a common method for the pipeline leakage detection, which can calculate the location of leakage points by analyzing the time delay of the test point signal; however, there are unpredictable noises in the detection of actual environment, which has seriously affected the accuracy of the time delay estimation [1] . In order to improve the detection accuracy and overcome the influence of the noise signal, the numerical optimizaion algorithm is needed to further derive the objective function [2] .
The time delay estimation is of great application value in the target positioning [3] . In order to locate the position of the leakage, the cross-correlation of the filtered leakage acoustic signal can calculate the time delay [4] . And, a design adopted the correlation algorithm was also introduced in respect of how to locate the water leakage of underground pipeline [5] . The realtime collection, filting and correclating of two channel audio signal are evaluated in the experiment. However, the variety of time delay is different from performance while it needs to consider the interference from practicality and real-time in the noisy environment. The correlation method is the general method of time delay estimation according to the principle of calculating the time delay estimation based on the correlation of signal [6] . The principle of this method was simple and its computation was small as a kind of basic algorithm of time delay estimation [7] . But in the practical application, the noise actually is multi-faceted and biological. In this case, the correlation estimation delay appears powerless.
GCC can transform the Fourier fastly and the reciprocal power weighted computation of the signal based on the interrelated algorithm. GCC is advantageous to the data in pre-filter processing, which strengthens the spectral component of the source signal in reception and improves SNR [8] . The acoustic signal in the leaky test is a periodic sine wave weighted by PHPA to obtain higher time-delay precision. As showed in Figure 1 , let the transmission time from the signal source of leakage point X to the sensor 1 be t, the propagation speed of the acoustic signal on the pipeline be V. Then, the distance between the leakage point and the sensor 1 is L A and L A =V ×t 
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Leakage Point Locating Algorithm Zexing Chen ∆t denotes the data time delay obtained by two sensors. Obviously, the distance between theleakage point and the Sensor 2 is L B and L B =V ×(t+Δt ) (2.2) The distance between the two sensors is L and
Assuming the sensor collects N signal points per second, let the delay points of the data obtained by two sensors be n. Then, the delay ∆t is
Generalized Cross-correlation Algorithm for Delay
3.1Principle of Generalized Cross-correlation Algorithm
In the detection of urban pipeline leakage, the time delay of detecting two signals can be obtained by detecting the cross-correlation function of the two signals [9] . However, in actual application, the spectral characteristics of the signal and noise cannot be predicted accurately but be only predictted by the sampling of time. The peak of the cross-correlation function will be affected when the signal spectrum feature is not ideal or the SNR is relative low. In order to reduce the noise influence on the cross-correlation time delay and improve the accuracy of time delay, two cross-power density functions of receiving signals needed to be processed by weighted filtering, called as the generalized cross-correlation algorithm (GCC).
The method of generalized correlation time delay estimation is to suppress noise power and obtain more ideal time delay. The generalized correlation time delay estimation variance of the weighted function theory can be theoretically limited. Assuming that the signal that the leaking point sends is S(n), the signal Sensor 1 receives is x 1 (n) and the signal Sensor 2 receives is x 2 (n), we can have
where n 1 (n) and n 2 (n) are the noise signals, T is the sampling period and α is the attenuation factor.
The generalized cross-correlation function of x 1 (n) and x 2 (n) is:
The generalized cross-correlation method cannot detect the peak of Formula (3.2), but do the weighted filter processing for R X1X2 (r) filter to get the generalized cross-correlation function. 
Estimation of Generalized Cross-correlation Function
The time delay estimation needs to be realized by using different weighted functions. By comparing the maximum likelihood weighted ML or HT,
is weighted by SNR square in the small signal-to-noise ratio, and weighted by SNR in the large signal-to-noise ratio, which is the optimal estimation method for estimating the variance of time delay. The generalized mutual spectral density with maximal likelihood weighted is:
The parameter includes: G X1X1 (w), G x1x2 (w) and G x2x2 (w). G X1X1 (w) and G x2x2 (w) are the power spectral density functions of the signals x 1 (n) and x 2 (n). The estimation of power spectral density can be used in the cycle graph method,
G x1x2 (w) is the mutual spectral density function of the signals x 1 (n) and x 2 (n). In the generalized stationary random process of state experience, the estimation is calculated:
Formula (3.7) can be expressed in the frequency domain as:
The Fourier series transform can be used to calculate the solution of Formula (3.8) quickly [3] . 
Flow of Generalized Cross-correlation Algorithm
Then we need to solve the mutual power function P XY , which denotes the energy correlation of A and B signals of the same frequency. In the time domain representation, P XY is the conjugate multiplication of the time domain function in A segment and the time domain function of B segment, which can by defined as
The P XY function presents the time domain correlation of A and B, while P XY can be transferred into R xy by using the inverse Fourier transform, which can be defined as
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The extremum R xy (n) of the function R xy can be explained as: there is the maximal correlation between two information segment A and B when the delay d=n-N-1. In other words, the delay point number is n when the acoustic wave signal arrives at the two sensors.
Experimental Analysis
Simulation Environment
MATLAB 2015a
Noise Analysis
(1) Sonic attenuation The attenuation of the signal mainly is affected by the propagation distance, the medium of propagation and the absorption of the surrounding medium.
(2) Ambient noise The ambient noise mainly includes the crash of water flowing (main continue noise sources) and other sudden noises.
Actual Requirements of Leaking Point Detection
In our pipeline leakage location algorithm, the data collection module adopts the time synchronization technology, which must ensure that the synchronization error is less than one milliseconds. The pipeline signal data processing technology can ensure the error between the measured leakage point of pipeline and actual leakage point is less than 1 meter and the rate of the pipeline leakage detection is more than 90%. The system requires no less than 5000 data collecting nodes.
Data Analysis
Two sensors are located on both ends of the pipeline and the data are collected from sensors. We can obtain the waveform in Figure 2 . The original acoustic signal collected by two sensors are S1 and S2 at the same time. By the normalized processing, we can get the size of 0 point near the waveform and the final is to calculate the delay points n' through reciprocal function. 
Detection Example and Error Analysis
The distance between two sensors is L. The speed of the water's sound travel in the pipeline is 1000 m/s. The sensors collects 5000 data points per second. According to the error analysis in Table 1 , the delay points are selected in the range of plus or minus 10. For example: n=5 , Δt =5/5000=1/1000 (4.1) In summary, we can calculate the distance between the leakage point and Sensor 1,
In Figure 3 , it can be seen that the floating range of the time delay estimation is smaller in line with the error range. In other words, GCC can address the precise positioning problem encountered in most algorithms and improve the detection rate of leakage in pipeline network. At the same time, our algorithm GCC features better stability. 
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Conclusion
The generalized cross-correlation algorithm based on fast Fourier transform can effectively suppress the disturbance of noise signal to time delay estimation and reduce the error rate and improve the operation speed. From the collection of the original signal to the filtering of the noise signals, we make the peak detection to get delay points through cross-correlation of the weighted process function. Our algorithm can increase the length of the Fourier transform and improve the quality of the generalized cross-correlation function, which can improve the time delay estimation by truncating the waveform. The simulation experiments results show that our algorithm is feasible, reliable and capable of implementing the leak detection demand to the actual environment and promoting a level in the mutual correlation algorithm.
